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CAMSHAFT AND METHOD OF MAKING A CAMSHAFT 

BACKGROUND OF THE INVENTION 



5 This invention relates generally to camshafts for reciprocating piston 

engines and more particularly to camshafts and a method of making a camshaft 
where the cams and shaft are produced as individual elements and are 
fastened together forming the camshaft. 



10 One method of manufacturing camshafts involves forming the cams 

separately by methods such as powdered metallurgy. The cams are then 
fastened to a hollow tube using known fastening processes, such as welding, 
brazing or expansion of the hollow tube. Bearing or journal surfaces are 
machined onto the hollow tube between cams. Another method of attaching the 

15 cams, described in U.S. Patent No. 4,858,295, leaves a plurality of projections 
on the outside of the hollow tube between cams. These projections must be 
removed in order to form the journal surfaces. 



The displacement of material caused by an expander tool during 
20 expansion of the hollow tube induces work hardening and stress into the tube. 
. Limiting work hardening reduces the risk of failure due to tube splitting. 

The foregoing illustrates limitations known to exist. in present camshafts. 
Thus, it is apparent that it would be advantageous to provide an alternative 
25 directed to overcoming one or more of the limitations set forth above. 

Accordingly, a suitable alternative is provided including features more fully 

■ 

disclosed hereinafter. 
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SUMMARY OF THE INVENTION 

In one aspect of the present invention, this is accomplished by providing 
a camshaft comprising a rotatable tube having a plurality of spaced apart first 
5 portions and a plurality of spaced apart second portions, a first portion being 
adjacent to a second portion, the tube wall thickness of each first portion being 
thicker than the tube wall thickness of an adjacent second portion. A plurality of 
axially spaced cams are mounted about the rotatable tube r each cam having an 
axial opening and being positioned about a first portion. 

10 

In a second aspect of the present invention, this is accomplished by 
providing a method of making a camshaft comprising the steps of: providing a 
hollow tube; forming a plurality of reduced diameter zones on the hollow tube; 
providing a plurality of cam elements, each cam element including an axial 
15 opening; inserting the hollow tube into the cam elements, each cam element 
being positioned about a reduced diameter zone; and expanding the reduced 
diameter zones of the hollow tube into mechanical interference engagement 
with the cam elements. 

20 The foregoing and other aspects will become apparent from the following 

detailed description of the invention when considered in conjunction with the 
accompanying drawing figures. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

25 

Fig. 1 is a cross section in part of the first embodiment of the camshaft of 
the present invention; 

Fig. 2 is a cross section of the hollow tube after the initial forming step; 
Fig. 3 is a cross section of the hollow tube shown in Fig. 2 after the outer 
30 diameter is machined, showing the cams located about the tube; 
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Fig, 4 is a cross section view taken along line 4 - 4 of Fig. 3; 

Fig. 5 is a cross section of the camshaft showing the cams after an 
expander tool has moved partially through the hollow tube; 

Fig. 6 is a cross section of a cam and hollow tube of a second 
5 embodiment of the present invention; 

Fig. 7 is a cross section of the camshaft of the second embodiment 
showing the cams after an expander tool has moved partially through the hollow 
tube; 

Fig. 8 is a cross section view taken along line 8 - 8 of Fig. 7; 
10 Fig. 9 is a cross section of the camshaft of a third embodiment showing 

the cams after an expander tool has moved partially through the hollow tube; 
and 

Fig. 10 is a cross section of a cam and hollow tube showing a variation 
of the present invention. 

15 

DETAILED DESCRIPTION 



Referring to the drawings and more particularly to Fig. 1, the manufacture 
of the camshaft is accomplished by slipping the cams 10 over a hollow tube 13. 

20 Other elements (shown as 12 in Fig. 7) in addition to cams 10, may be attached 
to the hollow tube 13 using this method. This includes timing gears, thrust 
washers, bearing rings, etc. The hollow tube 13 has a plurality of areas 16 
which have a thicker wall thickness than the adjacent areas 18. The cams 10 
are positioned about the thicker wall areas 16. Some of the thinner wall areas 

25 18 are used as bearing or journal surfaces. 

The hollow tube 13 is preferably made of formable steel having a 
maximum hardness of R c 30. The cams 10 are preferably made of steel which 
is hardenable to a minimum hardness of R c 55. Powder forged AISI 4680 series 
30 material has also been successfully used as cams 10. 
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The thicker areas 16 and the thinner areas 18 are formed by pressing 
specific areas of the hollow tube 13 to reduce the outer diameter of areas 16, 
and then machining the hollow tube 13 to a uniform outer diameter. Fig. 2 
shows the hollow tube 13 after this pressing has been performed. The 
5 preferred method for pressing the hollow tube 13 is swaging. Also shown in 
Fig. 2 is an internal mandrel 15 which is used to support the inside diameter of 
the areas 16 when the hollow tube 13 is swaged. The use of internal mandrel 
15 is optional. By providing inside support, the final diameter of areas 16 can 
be better controlled. The areas 16 which are pressed correspond to the 
10 location of the cams 10 on the finished product. 

The preferred axial length for the thicker areas 16 is slightly less than the 
axial length of a cam 10. This will minimize or preclude any change in the outer 
diameter of the thinner areas 18 when the cams 10 are fastened to the hollow 
15 tube 13. 

After the swaging step is performed, the outside diameter of the hollow 
tube 13 is machined to a uniform outer diameter. The outside of the hollow 
tube 13 can be finish ground at this time to produce a final surface which 

20 acceptable as a bearing or journal surface. Typically, the hollow tube 13 is 

machined using centerless grinding. Other processes, such as turning, may be 
used. After this machining step, the hollow tube 13 will have a plurality of 
thicker wall areas 16 and a plurality of thinner wall areas 1& For typical 
automobile camshafts, the preferred thicker wall area thickness 16 is 0.155 

25 inches and the preferred thinner wall thickness 18 is 0.128 inches. Fig. 3 
shows the hollow tube 13 after the tube has been machined to produce a 
uniform outer diameter. The difference between the wall thickness of the two 
areas 16, 18 has been exaggerated for clarity. 
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The cams 10 are then assembled on the hollow tube 13 as shown in Fig. 
3. Each cam 10 is aligned with a thicker wail area 16. The axial opening of the 
cam 10 is slightly larger than the outer diameter of the hollow tube, creating a 
slight gap between the cam 10 and the tube 13 as shown in Figs. 3 and 4. 

5 

The cams 10 are held in the proper angular alignment while an expander 
tool 36 is inserted into the hollow tube 13. Fig. 5 shows the expander tool 36 
after it has been inserted past two cams 10. The outer diameter of the 
expander tool 36 is larger than the inner diameter of the thicker wall areas 16. 

10 The outer diameter is also smaller than the inner diameter of the thinner wall 
areas 18. As the expander tool 36 is inserted into the hollow tube 13, the 
thicker wall areas 16 are expanded outward into contact with the axial opening 
of the cam 10. This expansion locks the cams 10 and the hollow tube into 
mechanical interference engagement, thereby providing axial retention of the 

15 cams 10. Since the outer diameter of the expander tool 36 is smaller than the 
inner diameter of the thinner wall areas 18, these areas are not expanded 
during the insertion of the expander tool 36. Therefor, these areas 18 typically 
do not require any additional post assembly machining. 

20 The surface of the axial opening of a cam 10d may have splines as 

shown in Fig. 10. 

For applications with a variety of elements on the camshaft, cams, timing 
gears, etc., the degree of expansion needed to secure the element to the 
25 camshaft may differ for the different elements. To provide for differing degrees 
of expansion, the wall thickness of the wall areas 16 can differ. To achieve 
differing wall thickness, the amount of reduction during the swaging operation 
can be varied along with the amount of machining after the swaging operation. 
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Figs. 6 through 8 show a second embodiment of the present invention. 
Each cam 10a is provided with a plurality of grooves 22 circumferentially spaced 
about the surface of the axial opening of the cam 10a. The hollow tube 13a is 
prepared as discussed above to form a plurality of thicker wall areas 16a and 
5 thinner wall areas 18a. After the cams 10a are assembled on the hollow tube 
13a, an expander tool 36a is inserted into the hollow tube 13a. The expander 
too! 36 has a plurality of circumferentially separated hard material protrusions 
28 adjacent one end of the expander tool 36a. The effective diameter of the 
. protrusions 28 is sufficiently larger than the inside diameter of the thicker wall 

10 areas 16a of the hollow tube 13a to cause the protrusions 28 to expand 

portions of the thicker wall areas 16a into the cam grooves 22 to permanently 
secure the cams to the hollow tube 13a. The effective diameter of the 
protrusions 28 is sufficiently smaller than the inside diameter of the thinner wall 
areas 18a of the hollow tube 13a so that the thinner wall areas 18a are not 

15 expanded by the expander tool 36a. 

As shown in Fig. 8, the hard material protrusions 28 are positioned so 
that as the protrusions 28 move within the tube past the cams 10, the hard 
material protrusions 28 will expand the softer tube material into the grooves 22. 
20 As a result of the expansion, the entire circumference of the hollow tube 13a is 
moved outwardly. Because of the slight difference between the initial outer 
diameter of the hollow tube 13a and the inside surfaces of the cams 10a, tine 
outside surface of the hollow tube 13a presses tightly against the inside 
surfaces of the cams 1 0a. 

25 

Any additional elements 12 attached to the hollow tube 13a, such as 
timing gears, can be attached without grooves 22 on the surface of the axial 
opening. 
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Fig. 9 shows a third embodiment of the present invention. In Fig. 9, the 
hollow tube 13b is not machined to a uniform diameter as is shown in Fig. 3. 
The reduced diameter zones 16b are formed as discussed above. The outside 
of the hollow tube 13b may be machined to reduce the diameter of the 
5 unreduced areas 18b. However, after machining, the outer diameter of areas 
18b remains larger than the outer diameter of areas 16b. The cams 10b are 
assembled on the hollow tube 13b with the cams 10b being aligned with the 
reduced diameter areas 16b. The cams 10b are then fastened to the hollow 
tube 13b by mechanical interference engagement. The inner diameter of the 
10 areas 18b is larger than the outer diameter of the expander tool 36b. 
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Having described the invention, what is claimed is : 

1. A method of making a camshaft comprising the steps of: 
providing a hollow tube; 

5 forming a plurality of reduced diameter zones on the hollow tube; 

providing a plurality of cam elements, each cam element including an 
axial opening; 

inserting the hollow tube into the cam elements, each cam element being 
positioned about a reduced diameter zone; 
10 expanding the reduced diameter zones of the hollow tube into 

mechanical interference engagement with the cam elements. 

2. The method of claim 1 wherein the areas of the hollow tube adjacent the 
reduced diameter zones define larger diameter zones and the larger diameter 

15 zones do not expand during the step of expanding the reduced diameter zones. 

3. The method of claim 1 further comprising: 

inserting a mandrel into the hollow tube prior to the step of forming a 
plurality of reduced diameter zones, the mandrel remaining within the hollow 
20 tube during the step of forming a plurality of reduced diameter zones. 

4. The method of claim 1 wherein the plurality of reduced diameter zones 
are formed by swaging, 

25 5. The method of claim 1, further comprising: 

prior to Inserting the holiow tube into the cam elements, machining the 
hollow tube to a uniform outer diameter, the reduced diameter zones thereby 
forming thicker wall zones. 

30 6. The method of claim 1, further comprising: 
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prior to inserting the hollow tube into the cam elements, machining the 
outer surface of the hollow tube, the reduced diameter zones thereby forming 
thicker wall zones. 

5 7. The method of claim 1 wherein the surface of the axial opening of the 
cam element is splined. 

8. A method of making a camshaft comprising the steps of: 
providing a hollow tube; 

10 inserting a mandrel into the hollow tube; 

swaging a plurality of reduced diameter zones on the hollow tube; 
removing the mandrel from within the hollow tube; 
machining the hollow tube to a uniform outer diameter, the reduced 
diameter zones forming thicker wall zones, the areas of the hollow tube 
15 adjacent the thicker wall zones defining thinner wall zones; 

providing a plurality of cam elements, each cam element including an 
axial opening; 

inserting the hollow tube into the cam elements, each cam element being 
positioned about a thicker wall zone; 
20 providing an expander tool having a diameter larger than the inner 

diameter of the thicker wall zones and smaller than the inner diameter of the 
thinner wall zones; 

expanding the thicker wall zones of the hollow tube into mechanical 
interference engagement with the cam elements by inserting the expander tool 
25 into the hollow tube. 

9. A method of making a camshaft comprising the steps of: 
providing a hollow tube; 

inserting a mandrel into the hollow tube; 
30 forming a plurality of reduced diameter zones on the hollow tube; 
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removing the mandrel from within the hollow tube; 

machining the hollow tube to a uniform outer diameter, the reduced 
diameter zones forming thicker wall zones; 

providing a plurality of cam elements, each cam element including an 
5 axial opening, the surface of the axial opening having a plurality of 
circumferentially spaced apart axially extending grooves; 

inserting the hollow tube into the cam elements, each cam element being 
positioned about a thicker wall zone; 

expanding circumferentially spaced apart portions of the thicker wall 
10 zones of the hollow tube into mechanical interference engagement with the 
grooves. 



10. The method of claim 9 wherein the step of expanding circumferentially 
spaced apart portions includes inserting an expander tool having 
15 circumferentially separated hard material protrusions, the protrusions being 
positioned in axial alignment with the grooves so that as the protrusions move 
within the tube past the cam elements, the hard material protrusions expand the 
portions of the wall into the grooves. 

20 11. The method of claim 9 wherein the areas of the hollow tube adjacent the 
thicker wall zones define thinner wall zones and the thinner wall zones do not 
expand during the step of expanding circumferentially spaced apart portions. 

12. The method of ciaim 9, further comprising: 
25 providing at least one member, each member having an axial opening, 

the surface of the at least one member axial opening being continuous; 
inserting the hollow tube into the at least one member; and 
expanding circumferentially spaced apart portions of a thicker wall zone 
of the hollow tube into mechanical interference engagement with the at least 
30 one member. 
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13. The method of claim 9 wherein the circumferentially spaced apart axially 
extending grooves form splines. 

14. A camshaft comprising: 

5 a rotatable tube having a plurality of spaced apart first portions and a 

plurality of spaced apart second portions, a first portion being adjacent to a 
second portion, the tube wall thickness of each first portion being thicker than 
the tube wall thickness of an adjacent second portion; and 

a plurality of axially spaced cams mounted about the rotatable tube, each 
10 cam having an axial opening and being positioned about a first portion. 

15. The camshaft according to claim 14 wherein the rotatable tube has a 
uniform outer diameter. 

15 16. The camshaft according to claim 14, further comprising: 

a means for securing the cams to the rotatable tube. 

17. The camshaft according to claim 16 wherein the means for securing 
comprises a plurality of circumferentially spaced apart grooves on the inner 
20 surface of the axial opening of each cam; and 

a plurality of circumferential ly spaced apart projections extending axially 
in each first portion of the rotatable tube, each projection extending into a 
groove of each cam. 

25 18. A camshaft comprising: 

a rotatable tube having a plurality of spaced apart first portions and a 
plurality of spaced apart second portions, a first portion being adjacent to a 
second portion, the tube wall thickness of each first portion being thicker than 
the tube wall thickness of an adjacent second portion, the rotatable tube having 

30 a uniform outer diameter; and 
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a plurality of axially spaced cams mechanically attached to the hollow 
tube by expansion of the first portions of the rotatable tube, each cam having an 
axial opening and being positioned about a first portion. 

5 19. The camshaft according to claim 18 wherein each cam has a plurality of 
circumferentially spaced apart grooves on the inner surface of the axial opening; 
and 

each first portion has a plurality of circumferentially spaced apart 
projections extending into the grooves of each cam. 

10 

20. A camshaft comprising: 

a rotatable tube having a plurality of spaced apart first portions and a 
plurality of spaced apart second portions, a first portion being adjacent to a 
second portion, the rotatable tube inner diameter of each first portion being 
15 smaller than the rotatable tube inner diameter of an adjacent second portion; 
and 

a plurality of axially spaced cams mechanically attached to the hollow 
tube by expansion of the first portions of the rotatable tube, each cam having an 
axial opening and being positioned about a first portion. 



20 
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